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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__ No complex microscopy filming is required. We have images that can be used. If you think we should film or take new images this is possible. 
Can you record movies/images using your own microscope camera? (Y/N)_ We do not have the ability to take movie, only images.____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: We have Inverted microscopes to image live cells (Olympus !X50 and IX70). We have Olympus BX50 to image slides.__
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Dissection of the mouse tail: steps 2.5 – 2.6 
Ensure that tail tip fibroblast culture is free from contaminating hematopoietic cells using magnetic cell depletion: step 2.11. 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Ensuring transduction of the GTLM factors: steps 4.2. Since there is no selection. To ensure success, make sure all vectors are pure and high quality preps.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __N____

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Johan Flygare: This method can help answer key questions in the erythropoiesis field, such as determining the core transcriptional programs determining erythroid cell fate. [1-MED]
1.1.1. Johan Flygare speaks to the camera, interview style.
1.2. Johan Flygare: The main advantage of this technique is that the collection of the reprogrammed cells is straightforward, and the cell numbers are sufficient for thorough FACS analysis. [1-MED]
1.2.1. Johan Flygare speaks to the camera, interview style. 


B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Melissa Ilsley: While this method focuses on reprogramming of mouse tail tip fibroblasts to erythroid progenitors, it can also be applied to other fibroblast cell types and other organisms including human. [1-MED]
1.3.1. Melissa Ilsley speaks to the camera, interview style.
1.4. Melissa Ilsley: The implications of this technique extend toward transfusion medicine, in that it paves the way toward the production of red blood cells in vitro. [1-MED]
1.4.1. Melissa Ilsley speaks to the camera, interview style.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. ** Johan Flygare: Demonstrating the procedure [1-MED] will be Alban Johansson, a student from my laboratory.  [2-MED]
1.5.1. Interview style: Johan Flygare saying the above 
1.5.2. Alban Johansson looks up from workbench or desk or microscope and acknowledges the camera.

Protocol interview statements:
2.11.A.: Alban Johansson: Including this step is absolutely vital because it eliminates any HPSCs that might be present in the culture, and therefore the likelihood of any false positives on the day of the FACS analysis. [1-MED] 
    2.11.A.1. Alban Johansson speaking interview style. Editor: This step comes after Step 2.11.4.
4.2.A.:  Alban Johansson: When carrying out this step, it is important to ensure the ratio of the four retroviral supernatants is 1:1:1:1 to ensure that overexpression of the four genes equally contributes to the reprogramming process. [1-MED] 
     4.2.A.1. Alban Johansson speaking interview style. Editor: This step comes after Step 4.2.1.


D.  Ethics title card: (for human subjects or animal work, does not count toward word length total) 

1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) and are preformed according to Lund University’s ethical regulations (Ethical permit M77-16).


Protocol: (read by voice talent at JoVE)
2. Establishment and Maintenance of Primary Mouse Tail Tip Fibroblast Cultures
2.1. Begin by covering the surface of the dishes with 0.1% gelatin. [1-MED-TXT] Incubate them at 37 °C for approximately 20 min. [2-MED] Aspirate the gelatin solution and allow the dishes to dry for at least 2 hours. [3-CU]
2.1.1. Talent covering the dishes with gelatin. TEXT: 10 cm dish recommended for one tail.
2.1.2. Placing in the incubator.
2.1.3. Aspirating the solution and placing the dish aside.
2.2. Use scissors to cut at the base of the tail a euthanized mouse to remove it. [1-CU-TXT] Place the tail in DPBS (D-P-B-S) with 2% FBS (F-B-S) until ready to use. [2-MED]
2.2.1. Talent cutting the tail. TEXT: 6-8 weeks old mice
2.2.2. Placing the tail in buffer. Editor: Show TEXT1 when the VO mentions DPBS and TEXT 2 when they mention FBS. TEXT1: Dulbecco's Phosphate-Buffered Saline TEXT2: Fetal Bovine Serum
2.3. In a tissue culture hood under sterile conditions prepare a diluted trypsin solution of 0.02% trypsin-EDTA in DPBS [1-MED] and add 5 milliliters into an uncoated 10-centimeter dish. [2-CU]
2.3.1. Preparing the solution.
2.3.2. Adding the solution to 10 cm dish.
2.4. In a tissue culture hood, wash the tail in enough 70% ethanol in a 15-milliliter tube to cover it, and then then in DPBS. [1-CU] Place the tail flat in a dish and use forceps to hold it in place. [2-ECU] Use a scalpel to make an incision on the tail along its longitudinal axis from the base to the tip. [3-ECU] 
2.4.1. Talent washing the tail in ethanol and then in DPBS.
2.4.2. Placing the tail in a dish and holding it with forceps.
2.4.3. Making an incision. 
2.5. Use a pair of forceps to grasp the tail and hold it vertically and use a second pair to grip the skin beside the incision at the base of the tail and to peel it back. [1-ECU] Perform this at both sides of the incision until the skin can be peeled off by pulling downwards toward the tip of the tail. [2-ECU]
2.5.1. Talent uses a pair of forceps to grasp the tail and hold it vertically and a second pair to grip the skin beside the incision at the base of the tail and to peel it back towards the tip of the tail. The authors deleted the second shot, so I am assuming these are combined into one single shot. 
2.5.2. Talent continues to peel the skin toward the tail tip.
2.6. Hold the peeled tail with forceps over the dish containing the trypsin solution. [1-CU] Use dissection scissors to cut the tail into approximately 1-centimeter long pieces. [2-CU] Use scissors to fragment these pieces in the trypsin solution into even smaller pieces [3-ECU] and then incubate at 37 °C for 10 min. [4-MED]
2.6.1. Talent holding the tail over the dish. Talent starts cutting. 2.6.1.and 2.6.2. combined.
2.6.2. Talent starts cutting.
2.6.3. Cutting with scissors into smaller pieces. This might be 2.6.2. now. 
2.6.4. Placing the tissue in the incubator. This might be 2.6.3. now.
2.7. To quench the trypsin, add 2 volumes of FEX (F-E-X) medium, DMEM‎ (D-M-E-M) with supplements and antibiotics. [1-MED-TXT] 
2.7.1. Talent adding the named solutions. Editor: Show TEXT1 when the VO mentions FEX and TEXT 2 when they mention DMEM TEXT1: Fibroblast Expansion Medium TEXT2: 15% FBS, 2 mM L-glutamine, non-essential amino acids (NEAA), 100 U/mL Penicillin/Streptomycin
2.8. Collect entire contents of the dish into a 50-milliliter tube. [1-CU] Centrifuge the tube at 350 × g for 5 min at 4 °C. [2-MED] Aspirate the supernatant [3-CU] and resuspend pellet containing the tail fragments in 10 milliliters of fresh FEX medium. [4-CU]
2.8.1. Talent collecting entire contents of the dish into a tube.
2.8.2. Placing the tube in the centrifuge and starting the run.
2.8.3. Talent removing supernatant 
2.8.4. Talent adds fresh medium and starts resuspending.
2.9. Transfer this suspension to a gelatin-coated dish. [1-CU] Incubate at 37 °C in 5% CO2 and 4% O2, adding fresh FEX medium every 2 days. [2-MED] Observe the culture after five to seven days, [3-MED] in which the tail fragments have attached at the bottom of the dish and fibroblasts are moving away from them. [3-SCOPE/LM] 
2.9.1. Talent transferring suspension to the dish.
2.9.2. Placing it in the incubator.
2.9.3. Talent observing the culture under the microscope
2.9.4. Image to be provided by the authors: Culture after five to seven days with the tail fragments attached at the bottom of the dish and fibroblasts are moving away from them. Image marked as 2.9.4_(TTF)
2.10. Once clusters of fibroblasts are visible, gently shake the dish to dislodge tail pieces. [1-MED] Aspirate the medium with all the bone fragments leaving the fibroblasts attached to the plate. [2-ECU] Add 10 milliliters of fresh FEX medium and culture the fibroblasts until confluent. [3-CU] 
2.10.1. Talent shaking the dish. Aspirating the medium. 2.10.1. and 2.101.2. combined.
2.10.2. Aspirating the medium.
2.10.3. Adding new medium. This might be 2.10.2. now.
2.11. To ensure that there is no contamination by hematopoietic progenitors in the fibroblast culture, dissociate the cells from the plate using trypsin-EDTA as described in the manuscript. [1-MED] Add medium and collect the cells… [2-CU] and add magnetic beads with antibodies. [3-CU] Use a magnetic separation system to remove cells expressing hematopoietic markers. [4-CU]
2.11.1. Talent starts adding trypsin.
2.11.2. Talent adding medium to dish and then collecting the cells to a tube.
2.11.3. Talent adds magnetic beads with antibodies 
2.11.4. Talent loading cells into magnetic separation column. 
3. Retrovirus Production
3.1. Seed retroviral packaging cells at approximately 25,000 cells per square centimeter on a tissue culture-treated dish. [1-CU-TXT] Incubate the cells in high-glucose DMEM at 37 °C and 5% CO2 overnight. [2-MED-TXT]
3.1.1. Talent seeding the cells. TEXT: Dish treated by vacuum-gas plasma
3.1.2. Placing the plate in the incubator. TEXT: DMEM with 10% FBS, 10 mM Sodium Pyruvate, and 100 U/mL Pen/Strep
3.2. On the following morning remove the medium [1-CU] and add half the volume used to culture overnight of DMEM with no additives. [2-CU] In the afternoon check the cells for 70-80% confluency required for transfection. [3-SCOPE/LM]
3.2.1. Talent removing the medium.
3.2.2. Adding new medium.
3.2.3. Image to be provided by the authors: Cells with 70-80% confluency. Image marked as 3.2.3_(PhGP_70%_10x)
3.3. Begin the transfection by preparing a 2:1 mixture of 6 micrograms of the expression vector pMX (pronounce P-M-X) and 3 micrograms of the helper vector containing gag (pronounce gag as one word), pol (pronounce pol as one word) and envelope genes for each reprogramming factor [1-MED-TXT]. 
3.3.1. Talent preparing the mixture. Editor: Show TEXT1 when the VO mentions: “a 2:1 mixture of 6 µg of the expression vector pMX and 3 µg of helper vector” and show TEXT2 when they say: “for each reprogramming factor“ TEXT1: Final volume of 100 µL in DMEM medium TEXT2: Gata1, Tal1, Lmo2, c-Myc
3.4. Next, for each reprogramming factor, add 300 microliters of room temperature DMEM in a sterile polystyrene tube. [1-MED] Then carefully add 27 microliters of room temperature commercial transfection reagent directly into the medium to avoid contact with the tube wall. [2-ECU]
3.4.1. Talent adding DMEM to the tube.
3.4.2. Adding transfection reagent, show the pipette tip.
3.5. Add the plasmid mix into the transfection reagent-containing tube. [1-MED] Vortex briefly and incubate the mixture for 15 min at room temperature. [2-MED]
3.5.1. Talent adding plasmid mix to the tube
3.5.2. Talent vortexing and leaving the tube on the side to incubate.
3.6. Briefly vortex the transfection reagent-DNA mixture again. [1-MED] Add it dropwise to the retroviral packaging cells so that it is evenly spread over the culture and incubate at 37 °C overnight. [2-CU]
3.6.1. Talent vortexing.
3.6.2. Talent adding dropwise the mixture to the cells.
3.7. Twenty-four hours after transfection, remove the medium [1-MED] and add DMEM with 20% FBS and 100 units per milliliter Penicillin/Streptomycin. [2-MED-TXT] Forty-eight hours after transfection, collect the supernatant [3-CU] and filter it through a 0.22-micrometer pore-size syringe filter. [4-ECU].  
3.7.1. Talent removing the medium. Adding medium. TEXT: Amount of medium depends on size of the dish. 3.7.1. and 3.7.2. combined.
3.7.2. Adding medium. TEXT: Amount of medium depends on size of the dish.
3.7.3. Talent collecting supernatant. This might be 3.7.2. now.
3.7.4. Talent filtering the supernatant. This might be 3.7.3. now.
4. GTLM transduction and iEP harvest 
4.1. Begin the transduction by seeding the tail tip fibroblasts at 10,000 cells per square centimeter on 0.1% gelatin pre-coated dishes in FEX medium. [1-CU] Incubate at 37 °C for 24 hours. [2-MED]
4.1.1. Talent seeding the fibroblasts.
4.1.2. Placing the plate in the incubator.
4.2. On the following day, prepare a transduction mixture by first adding 1 volume of viral supernatant for each reprogramming factor supplemented with 4 micrograms/milliliter of retroviral infection reagent to 6 volumes of FEX medium. [1-MED]
4.2.1. Talent starts preparing a transduction mixture by adding the ingredients TEXT: 4 viruses = 4 mL
4.3. After that, aspirate the FEX medium from the fibroblast culture [1-CU] and add the transduction mixture. [2-MED] Incubate the transduction reaction for 4 h at 37 °C in hypoxic conditions at 5% CO2 and 4% O2. [3-MED]
4.3.1. Talent aspirating the medium
4.3.2. Adding the mixture. Author note: Important: use take III. Medium need to go in slowly!
4.3.3. Placing the plate in the incubator.
4.4. After four hours aspirate the transduction mixture and add fresh reprogramming medium. [1-MED-TXT] Incubate at 37 °C in hypoxic conditions for 8 days, adding fresh reprogramming medium every 2 days. [2-MED] Observe successful reprogramming with yielded clusters of cells detached from the plate. [3-SCOPE/LM]. 
4.4.1. Talent aspirating and starts adding fresh medium. TEXT: 10 mL for 10 cm dish; 2 mL fresh medium every 2 days.
4.4.2. Placing the plate in the incubator.
4.4.3. Image to be provided by the authors: Successfully reprogrammed cells, with yielded clusters of cells detached from the plate. Image marked as 4.4.3_(D5_iEP_10x)
4.5. To harvest reprogrammed cells from the dish for further analysis, gently pipette them up and down and then collect the cells. [1-MED] 
4.5.1. Talent pipetting the cells.
[bookmark: _GoBack]

5. Results: Reprogramming of Induced Erythroid Progenitors (iEPs)
5.1. After successful reprogramming of iEPs (Pronounce I-E-Ps), YFP (Y-F-P) positive cells are observable as early as five days after transduction. They become round, lift from the surface of the plate, begin forming clusters, and display an erythroid precursor-like morphology. Hemoglobinization (HEMoglobin-ization) of some cells is evident by positive benzidine (BEN-zi-deen) staining. A small fraction expresses the erythroid-specific surface marker Ter119 (pronounce turr-1-9-9). [1-LM] 
5.1.1. Figure 1 Video editor: Do not include panel E. Emphasize panel representing day 5 in B when the VO says first sentence. And C when they say second sentence. Emphasize D when they say the third sentence. And emphasize F when they say the fourth sentence.
5.2. By day 8, large YFP positive clusters can be seen. Day 8 iEPs have a more differentiated erythroid phenotype than Day 5 iEPs.  They are significantly smaller, have accumulated more hemoglobin, and show increased expression of Ter119. [1-LM]  
5.2.1. Figure 1 Video editor: Do not include panel E. When the VO says: “large YFP positive clusters can be seen“ emphasize panel representing day 8 in B, when they say: “Day 8 iEPs have more differentiated erythroid phenotype than Day 5 iEPs: they are significantly smaller” emphasize C and then when the VO says: “, have accumulated more hemoglobin” emphasize D and for “show increased expression of Ter119” emphasize F.
5.3. Gene expression analysis by qPCR (Q-P-C-R) of iEPs collected at day 8 shows that they have almost shutdown expression of fibroblast genes and have upregulated many erythroid genes.
5.3.1. Figure 1 I
5.4. After performing BFU-E (B-F-U-E) colony-forming assays on the reprogrammed cells, day 8 iEPs formed two types of colonies, distinctly red and not-visibly red. While cells from red colonies displayed erythroblast morphology, cells from non-red colonies did not.
5.4.1. Figure 2A Video editor: When the VO says: “distinctly red” emphasize the panel under word Red, when they say: “not-visibly red” emphasize the panel under word Non-red. When they say: “cells from red colonies displayed erythroblast morphology” emphasize the lower panel under word Red and when they say the rest, emphasize the lower panel under word Non-red.
5.5. Approximately 1 in 1,000 Day 5 iEPs formed red colonies, while only approximately 1 in 10,000 colonies formed from Day 8 iEPs. 
5.5.1. Figure 2B Video editor: When the VO says: “Approximately 1 in 1,000 Day 5 iEPs formed red colonies” emphasize the red column above D5-iEP and when they say: “only approximately 1 in 10,000 colonies formed from Day 8 iEPs” emphasize the red column above D8-iEP.
5.6. Reprogramming efficiency of tail tip fibroblasts or TTFs (T-T-Fs) is influenced by the passage number. TTFs that that had been passaged nine times showed a dramatic reduction in the ability to produce clusters of iEPs compared to the cells that had been passaged three times.
5.6.1. Figure 3A Video editor: When the VO says: “TTFs that that had been passaged nine times showed a dramatic reduction in the ability to produce clusters of iEPs” emphasize the column in the graph representing TTF P9, and image for TTF P9, and for the rest of the sentence emphasize the column and image for TTF P3.
5.7. Furthermore, different culture conditions can affect efficiency of reprogramming. Transduced TTFs cultured in normoxia are much slower to reprogram and iEP clusters  are observed after 10 days instead of five to eight days.
5.7.1. Figure 3B and Figure 3E Video editor: Show 3B and 3E side by side. When the VO says the second sentence, highlight 3E.




6. Conclusion (said by authors on camera)

6.1. Melissa Ilsley: Following this procedure, other methods like colony-forming assays, qPCR and FACS analysis can be performed in order to determine cell differentiation status. [1-MED] 
6.1.1. Melissa Ilsley speaks to the camera, interview style.
6.2. Melissa Ilsley: Since its development, this technique is paving the way for researchers in the field of erythropoiesis to explore the switch between primitive and definitive cells in mouse and human. [1-MED]
6.2.1. Melissa Ilsley speaks to the camera, interview style



General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
 2017, Journal of Visualized Experiments

